ABSTRACT. The development of targets is foundational in conservation. Although progress has been made in setting targets, the diverse linkages among ecological and social components make target setting for coupled social-ecological systems extremely challenging. Developing integrated social-ecological targets is difficult because it forces policy makers to consider how management actions propagate throughout social-ecological systems, and because ultimately it is society, not scientists, that defines targets. We developed an interdisciplinary approach for identifying management targets and illustrate this approach using an example motivated by Puget Sound, USA. Our approach blends ecological modeling with empirical social science to articulate trade-offs and reveal societal preferences for different social-ecological states. The framework aims to place information in the hands of decision makers and promote discussion in the appropriate forums. Our ultimate objective is to encourage the informed participation of citizens in the development of social-ecological targets that reflect their values while also protecting key ecosystem attributes.
INTRODUCTION
How much conservation is enough? How much area should we set aside to safeguard the ecological processes that support ecosystem function or protect the viability of native species? What are the social or economic costs associated with achieving biodiversity objectives? Such questions are foundational in conservation and environmental management, but remain a vexing problem on the ground because they force practitioners to confront the social and economic constraints inherent in any conservation endeavor. This is particularly true in habitats near human population centers or human activities, where trade-offs are potentially more acute.
The challenge of developing conservation targets, i.e., explicit goals that quantify the amount of an ecosystem component to be conserved, is one of the major tasks of modern conservation (Carwardine et al. 2009 ) and has received considerable attention from natural and social scientists (e.g., Byers et al. 2001 , Watson 2003 , Tear et al. 2005 , Sanderson 2006 , Geisler 2010 , Di Minin and Moilanen 2012 . In many single-species and single-sector management arenas, targets are well established. For example, the U.S. Endangered Species Act requires objective, measurable criteria that, when met, would result in the delisting of an endangered or threatened species; the Magnuson-Stevens Sustainable Fisheries Act mandates the development of fishing harvest targets and other reference points that are related to maximum sustainable yield, modified by ecological and economic considerations (Levin 2014) ; and the European Union's Water Framework Directive set the goal of achieving "good status" for all of Europe's surface waters (Hering et al. 2010) .
Considerable progress has been made in setting targets for specific components of ecosystems (e.g., Moilanen and Arponen 2011) . And, as ecosystem-based management (EBM) becomes the norm, the urgency to develop targets for entire coupled social-ecological systems has increased (Samhouri et al. 2012) . For instance, the notion of optimum yield in fisheries, i.e., the yield that maximizes fisheries benefits across ecological, economic, and social domains, is a holistic target that is receiving increased attention (Levin 2014 ). Because of the many and diverse linkages among ecological and social components of ecosystems, the challenges of developing meaningful system-scale targets are amplified. In part, this difficulty arises because, as Lackey (1998) noted, a key objective of EBM is to maintain ecosystems of sufficient condition that they provide desired social benefits. Critically, however, it is society (or powerful parts thereof), not scientists, that define desired social benefits. Thus, any consideration of targets must incorporate not just ecological understanding, but also dynamic societal values.
Developing integrated social-ecological targets is challenging because it compels policy makers to explicitly consider how management actions propagate throughout human and biophysical domains of ecosystems. For example, the articulation of a management target for habitat restoration must be linked to targets for species that depend on that habitat; thus, habitat targets may promulgate throughout the ecological community, influencing targets for a wide range of ecosystem components and species that depend on specific habitats (Kaplan et al. 2012 . Some targets may be bounded by regulatory or legislative mandates. However, societal tolerance for monetary costs such as taxes and user fees or nonmonetary costs such as changing development/transportation patterns, including cultural costs (Chan et al. 2012a ) associated with specific targets, may also constrain the political feasibility of some targets (Naidoo et al. 2006 , Hicks et al. 2009 ).
We developed a framework for identifying management targets in social-ecological systems, and we illustrate this approach using an example motivated by seagrass restoration in Puget Sound, USA. In doing so, we highlight a means to blend ecological and social science to inform the creation of scientifically rigorous and socially responsive targets.
A GENERAL FRAMEWORK FOR DEVELOPING SOCIAL-ECOLOGICAL MANAGEMENT TARGETS
Although a number of methods exist for developing EBM targets (e.g., Pressey et al. 2003 , Samhouri et al. 2010 2013), these approaches suffer from two major issues: (1) they consider one species or ecosystem indicator at a time and disregard linkages among ecosystem components and (2) they do not consider societal preferences. To overcome these shortcomings, we propose the following general framework (Fig.  1) . Fig. 1 . A three-step approach for developing conservation targets for social-ecological systems. Developing targets begins by building an understanding of the system through the use of conceptual and numerical models. It continues by articulating trade-offs that highlight the costs and benefits of different management scenarios or states of nature. Finally, it uses appropriate tools of social science to determine the preferred state of the system, given the trade-offs inherent in any management option.
Build an understanding of the social-ecological system Because social-ecological systems have interacting components, developing targets for any individual element of the system requires understanding how it is linked to other salient ecosystem components. Developing an understanding of the socialecological system, including the biophysical, socioeconomic, and management systems that affect the ability to achieve management goals, is the first step in in this framework. Conceptual ecosystem models have proven useful for understanding ecosystems and synthesizing diverse scientific information (Ogden et al. 2005 ). Conceptual models have proven useful in improving outcomes in resource management, especially when scientists, resource managers, and stakeholders jointly develop models (Svarstad et al. 2008 , Chan et al. 2012b ).
Numerical models that can simulate changes to biophysical or socioeconomic components of the system are most useful. This may be the application of relatively simple approaches such as fuzzy-logic cognitive maps (Gray et al. 2012) , loop analysis (Carey et al. 2013 ), or Bayesian Networks (Uusitalo 2007 ) that build upon conceptual models. In other cases, where quantitative capacity exists, complex simulation models such as Ecopath with Ecosim (EwE; Christensen and Walters 2004) or Atlantis (Fulton et al. 2011 ) can be applied. The choice of model will depend on the particular scientific and management arena (Plagányi 2007) ; however, no matter what modeling approach is used, the aim is to understand how changes in focal ecosystem components and human activities propagate through the system as well as the uncertainty of these connections.
Articulate trade-offs
Trade-offs are at the heart of EBM. Most commonly, researchers and managers consider trade-offs among potentially competing objectives such as those related to resource extraction, energy production, or conservation (Levin et al. 2009 ). Individuals differ in the values they hold (Rockeach 2008 ); therefore, they will differ in how they assess trade-offs (Hicks et al. 2009 ). Costs of implementing various management options can vary greatly and certainly have the potential of influencing the nature of tradeoffs. Importantly, implementation costs are not only monetary; a number of nonmonetary costs related to culture, transportation, and livability are associated with management actions and indeed have been the subject of intense research (e.g., Chan et al. 2012a . Consequently, in addition to examining tradeoffs among management objectives, it is important to determine the economic, social, and cultural costs of different management options (Krutilla 1967 , Nelson 2006 .
Assess ecosystem preferences
Economists and social scientists have developed numerous approaches for evaluating the desirability of an environmental state to individuals or communities (Haab and McConnell 2002 , Nelson 2006 , Plummer 2009 , Guerry et al. 2012 . Economists, for example, have methods for estimating values of ecosystem components that cannot readily be bought or sold (e.g., Carson et al. 2001) . Social scientists have used quantitative analysis of communication content (Neuendorf 2002) , systematic surveys (Safford et al. 2014) , and workshops and individual interviews (Donatuto et al. 2014 ) to evaluate preferences. Regardless of approach, the critical aspect of this step is that desirability is assessed for the complete suite of components of the socialecological system. Preferences are thereby revealed in a manner that accounts for linkages, costs, and benefits inherent in the system. Knowing the desired social-ecological system state, the minimum acceptable state, and range of acceptable conditions, policy makers can develop management targets that reflect what is possible as well as what citizens want.
An important aspect of this framework is that it can be bounded by ethical or social norms such that targets can only occur within acceptable levels. In some regions, such norms will be codified by legislation or regulations regarding things such as clean water and air, human health, endangered species, sustainable harvests, and so forth. In other instances, norms may not be codified, necessitating additional social science research. Thus, this approach to target selection serves to identify what socialecological states are desirable within the area society has already deemed generally acceptable.
DEVELOPING SOCIAL-ECOLOGICAL TARGETS: A PUGET SOUND-INSPIRED CASE STUDY
We illustrate our social-ecological approach for setting targets with a case study inspired by Puget Sound, USA. This case study http://www.ecologyandsociety.org/vol20/iss4/art6/ is stylistic and simplified but motivated by real-world issues confronting this region. The Puget Sound ecosystem includes 41,500 km² of marine, freshwater, and upland habitats in a watershed that supports large and growing population centers around the Seattle and Tacoma region. The area also contains rural communities that have close ties to forestry, fishing, and agriculture. Today, Puget Sound is also home to 19 Native American tribes, the Southern Coast Salish, and their culture and communities are tightly linked to the Sound (Thrush 2009 ). The waters and shorelines of Puget Sound make up a unique estuarine system that is valued for its beauty and ecological importance (Safford et al. 2014) . Nonetheless, like other marine and estuarine ecosystems, Puget Sound has been affected by a variety of human activities, including agriculture, heavy industry, timber harvest, fishing, and the development of sea ports and residential property. As a consequence, the Puget Sound ecosystem is degraded, and the processes supporting it are impaired.
For this case study, we focused on social-ecological targets for eelgrass, a habitat that is highly valued for its ecological and economic benefits (Mumford 2006 . Its canopy forms three-dimensional complexity that provides vital spawning, foraging, nursery, and settlement habitat for many species (Mumford 2006) . As examples, commercially, recreationally, and culturally important juvenile Pacific salmon (genus Oncorhynchus) and Dungeness crabs (Carcinus magister) use eelgrass as a refuge from predation; it provides important spawning substrate for Pacific herring (Clupea pallasii), a key prey species; and a number of fish species forage in and around eelgrass beds. Beyond these direct effects, changes in eelgrass also have indirect effects that permeate through nearshore food webs. For example, increases in eelgrass are associated with increased abundance of predators valued by Puget Sound residents, such as bald eagles (Haliaeetus leucocephalus), harbor seals (Phoca vitulina), and sea lions (Zalophus californianus). The increase of these predators is subsequently associated with changes in the Puget Sound prey community . Additionally, the Coast Salish people used eelgrass in ceremonies, and the collection and processing of eelgrass were central in the transfer of traditions and knowledge across generations.
Currently eelgrass covers about 22,800 hectares in Puget Sound, mostly in large shallow embayments (Essington et al. 2011 ). Longterm trends in eelgrass abundance are uncertain; even so, there is some concern about loss of seagrass, particularly in smaller, isolated sites (Essington et al. 2011) . Eelgrass in Puget Sound is threatened by a number of activities that reduce light or disturb the sediment in nearshore regions, including shoreline armoring, overwater structures such as marinas and docks, and nutrient and sediment loading (Rehr et al. 2014a) .
BUILDING AN UNDERSTANDING OF THE PUGET SOUND FOOD WEB
For this work, we used EwE, a modeling approach that simulates the trophic ecology of interacting functional groups. The core EwE equations are documented elsewhere (Christensen et al. 2005) , as are details of the Puget Sound parameterization of EwE (Harvey et al. 2012) . Following Plummer et al. (2013) , we added "mediating effects" to the model, whereby appropriate predatorprey relationships were influenced by the abundance of eelgrass. Specifically, eelgrass could either lower the foraging efficiency of a predator, e.g., by providing refuge habitat for prey, or enhance a predator's foraging efficiency, e.g., by aggregating prey and rendering them more vulnerable. Changing eelgrass biomass affects the rest of the model food web via three pathways: the relative availability of eelgrass for grazers, e.g., waterfowl; the amount of dead eelgrass that contributes organic matter to the detrital pool; and by mediating ecological interactions, e.g., by altering the strength of predator-prey relationships.
BUILDING AN UNDERSTANDING OF HUMAN ACTIVITEIS THAT MODIFY PUGET SOUND EELGRASS
Because data regarding the functional relationship between human activities and Puget Sound eelgrass were lacking, we conducted an expert elicitation in which experts were asked how they would expect eelgrass cover to respond to incremental changes in nutrient loading, sediment transport, overwater structures, and shoreline armoring (Rehr et al. 2014a ). Rehr and colleagues (2014a) then used a Bayesian network analysis to generate the relationships between changing human activities and eelgrass. Coarse estimates of costs of mitigating these impacts, as well as potential impacts on commute time and property values associated with this mitigation (e.g., modifying storm water runoff or reducing shoreline armoring), were provided by staff at the Puget Sound Partnership (http://www.psp.wa.gov), the state agency charged with overseeing Puget Sound recovery. Our research thus focused on costs associated with specific management actions as perceived by government agency staff. As such, our treatment does not explicitly examine all potential social and cultural impacts (e.g., Poe et al. 2014 ) associated with seagrass restoration.
ARTICULATING TRADE-OFFS
We examined trade-offs among 16 metrics. We selected seven biological indicators (biomass of adult herring, wild Pacific salmon, bald eagles, herbivorous birds, gulls (genus Larus), southern resident orca whales [Orcinus orca], and eelgrass) from the EwE model output because of their salience in the Puget Sound management community (e.g., http://www.psp.wa.gov/ vitalsigns/index.php). Four metrics were related to human stressors: area of impervious surfaces, nutrient loading, number of overwater structures, and amount of shoreline armored. Two parameters, rural growth and urban density, were selected to represent patterns of development. Finally, property value, direct costs of restoration or management, and commute time were selected as indicators of costs.
We explored trade-offs among these variables in seven scenarios (Table 1 ). These scenarios were based loosely on the "unconstrained" and "managed growth" alternative futures analysis of Bolte and Vache (2010) , which provided us with projected changes in sediment and nutrient inputs, shoreline armoring, and overwater structures. Other aspects of the scenarios were guided by growth management, transportation, and land use patterns outlined by the Puget Sound Regional Council (http://www.psrc.org/data), and related habitat protection and restoration targets and thresholds set by the Puget Sound Partnership. Using the functional relationships between the stressors and eelgrass from Rehr et al. (2014a) , we approximated the change in eelgrass associated with each scenario. No new development is allowed within 200 m of the shoreline. Outside the 200 m zone, development is severely restricted in areas near sensitive lands, including current and historic wetlands, lands with significant conservation opportunities, or lands adjacent to streams. Water views are protected from development. This scenario reflects a high level of protection of existing and undeveloped historic wetlands; aggressive restoration of historic wetlands, and protection of sites with high conservation/ restoration potential. No development is allowed next to eelgrass/Pacific herring (Clupea pallasii) spawning areas. Includes a 5% reduction in the amount and densities of nearshore modifications (shoreline armor and overwater structures) relative to SQ2060 (derived from Bolte and Vache 2010).
+10%
6. Managed Growth II Similar to Scenario 5, but reflects the adoption of Puget Sound Partnership ecosystem recovery and related targets and some proposed targets articulated in the Washington Shoreline Management Act (20% reduction in shoreline armoring and overwater structures, based on upper limit of preliminary proposals at the time). Local Shoreline Master Programs meet an overall standard of No Net Loss for ecological function. The total amount of armoring removed is greater than the total amount of new armoring; feeder bluffs receive strategic attention for removal of existing armoring and avoidance of new armoring.
+25%
7. Unpopulated A scenario in which the Puget Sound region is unpopulated and no development exists.
+45%
Ecology and Society 20(4): 6 http://www.ecologyandsociety.org/vol20/iss4/art6/ We next evaluated the outcomes of the seven scenarios using the Puget Sound EwE model, where eelgrass abundance influenced the community directly and indirectly as previously described. The model was run for 50 years following each eelgrass perturbation to allow the system to reach a new equilibrium state.
REVEAL DESIRED ECOSYSTEM STATE
The normative approach is a powerful way to collect and organize data about stakeholder values (Vaske et al. 1993) . Norms define what is considered normal or generally accepted within a cultural context, and may serve as societal standards to evaluate ecosystem conditions, human activities, or management strategies. Norms are typically described by a graphic device called a social norm curve (Jackson 1965) ; in our case, the x-axis represents socialecological state and the y-axis portrays stakeholder preferences.
To generate social norm curves, we queried 128 people who were drawn from interested, voluntary audiences identified by querying key informants representing major stakeholder groups in the region, including environmentalists, shellfish aquaculture, recreational fishing, coastal development, and government. Participants ranged in age from 18 to 84 years old (mean age, 51 years), and were 40% female, 60% male. Among the participants, 45% identified themselves as Democrats, 15% as Republicans, and 40% as Independents, and all were residents in the Puget Sound region. Once identified, participants were assessed to ensure that the range of included individuals corresponded to the range of environmental awareness of Puget Sound residents generated by Safford et al. (2014) .
Participants were exposed to the scenarios in two ways. We first used radar plots (Fig. 2) , which have proven useful for visualizing multidimensional trade-offs (e.g., Guerry et al. 2012) . However, because the numerical nature of radar plots may not resonate with some respondents (Bell 1984) , we also developed stylized images (Fig. 3) . Such images offer an effective alternative for visualizing complex systems and informing environmental policy (Fiore et al. 2009) , and have previously been used for illustrating different states of nature in normative surveys (Bateman 2009 ). We vetted our images to ensure that they effectively communicated the numerical data underlying the images, and details are provided in the article by Rehr et al. (2014b) . Briefly, we engaged a digital production agency (Studio 216, http://www.studio216.com) to generate computer visualizations that were quantitatively linked to the scenarios described above and in the article by Bolte and Vache (2010) . We then pilot-tested the computer-generated images to determine the degree to which individuals could resolve differences in the visualizations. Rehr and colleagues (2014b) showed that coarse differences of the sort we used in this study were distinguishable by participants.
A trained, professional facilitator presented both the radar plots and the computer-generated images to participants. The facilitator systematically explained the key features of each graphic. We then asked participants to score the desirability of each scenario on a Likert scale from -2 (completely unacceptable) to +2 (optimal state). By requiring a single score for each scenario, we effectively forced participants to consider the trade-offs inherent in any management action or inaction. Table 1 for details).
CASE STUDY RESULTS
Our scenarios depicted a range of development schemes in which rural growth, impervious surfaces, shoreline armor, overwater structures, and nutrient loading were strongly correlated with each other (Fig. 2 ; Spearman rank order correlation, R > 0.80). In general, these metrics of development were inversely correlated Ecology and Society 20(4): 6 http://www.ecologyandsociety.org/vol20/iss4/art6/ Fig. 3 . Participants were exposed to the scenarios in two ways. In addition to visualizations, (Fig. 2) , we first used radar plots showing relative trade-offs among 16 different attributes for 6 different scenarios (see Table 1 ). Values are plotted relative to the status quo (scenario 1), which is depicted as the gray circle in each plot. Biological ecosystem components are shown in blue; costs are in green; yellow, orange, and red depict anthropogenic pressures and some geographic attributes of the region.
with costs ( Fig. 2 ; Spearman rank order correlation, R < -0.65). Increases in eelgrass were generally associated with increasing costs (R = 0.43), decreases in the metrics of development (R > 0.90), and increases in urban density (R > 0.90; Fig. 2) . Overall, our scenarios portrayed positive relationships of eelgrass with iconic species of the region including bald eagles, Pacific salmon, and Pacific herring (R> 0.90), while representing an inverse association of gulls with eelgrass (Fig. 2) .
When shown the radar plots and stylized images representing the seven scenarios, participants revealed a strong negative reaction to the two most aggressive unconstrained growth scenarios (Fig.  4) . Eelgrass in these scenarios declined 35% and 25%, and more than 67% of the participants rated these scenarios as highly undesirable (i.e., -2). Desirability ratings were highest (median = 1.0) for scenarios 5 and 6, in which eelgrass increased by 10% and 25%, respectively. Agreement among participants was generally higher for scenarios that involved eelgrass destruction versus restoration; the interquartile range for scenarios 2, 3, and 4 was 1.0, whereas for the status quo scenario and scenarios 5, 6, and 7 the interquartile range was 2.0. Overall, the preferred state was an increase of between 10% and 25% of eelgrass, whereas the status quo was the minimally acceptable condition. 
CONCLUSIONS
The oceans are beset with wicked problems, i.e., problems with a plurality of legitimate perspectives (Ludwig 2001 ) but no clear right or wrong answers (Jentoft and Chuenpagdee 2009) . Such wickedness provides a clear challenge for the development of conservation targets, because implementing reference points represents a crossroads where policy makers face a potentially staggering array of choices. Trade-offs among different components of the social-ecological system may hinder simultaneously achieving all societal goals; accordingly, science could inform decision making by underscoring the costs and benefits of specific targets and how these are distributed among stakeholders. Such information, in the hands of the appropriate decision makers and discussed in the appropriate forums, allows for the informed participation of citizens in the development of social-ecological targets that reflect their values.
We contend that by soliciting input about targets from those who are affected by conservation actions, and bounding this input by what is ecologically achievable and compatible, it will be possible to move forward with holistic management. The approach http://www.ecologyandsociety.org/vol20/iss4/art6/ illustrated here provides a transparent means to solicit stakeholder participation and input for setting conservation targets. Our case study results show that desirability peaks at a social-ecological state that includes a 10%-25% increase in eelgrass, despite the social and economic costs associated with this level of restoration. Thus, a 10%-25% increase in eelgrass may be a sensible initial conservation target. Importantly, desirability for a social-ecological state in which there are no people or associated development is low. Not surprisingly, then, it appears that although respondents would like to see improvements in the ecological components of the system, they are not willing to completely remove people from the system.
It is a truism that if we do not know where we want to go, we will surely have a hard time getting there. Perhaps equally as axiomatic is the fact that if a broad constituency does not contribute to defining the destination, the road will be very bumpy. We hope that the framework we illustrate here will provide a smoother path forward to the development of scientifically rigorous and socially salient conservation targets.
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